We propose and validate a discrete-time channel model for the temporal drift of the absolute polarization state and polarization-mode dispersion for coherent fiber optic systems. The model can be used in simulations to test and develop DSP for coherent receivers.
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Proposed model
The Jones matrix T(k, f ) of the transmission link shown in Fig. 1 at time instance k and frequency f is given by
for n = 1,... ,N and m = 1,...,M. In order to ensure that the DGD of D n ( f ) is Maxwellian distributed and continuous with respect to frequency, we model D n ( f ) in (2) as a sequence of M independent and static polarization rotators K m,n concatenated with static birefringent sections B m,n ( f ) as shown in Fig. 1 (right). For simplicity, we assume that the N segments D n ( f ) for n = 1,...,N are composed by concatenating the same number of M polarization rotators K m,n and birefringent sections B m,n ( f ) for m = 1,...,M. The polarization rotators K m,n are static and randomly oriented such that they cover all the possible SOPs on the Poincaré sphere uniformly. The birefringent sections B m,n ( f ) are of equal mean DGD τ p , but random and independent for each section according to (3) , where
Choosing τ m,n differently for each B m,n ( f ) avoids spectral periodicity with period τ m,n /2 of D n ( f ), and consequently of T(k, f ). This model of D n ( f ) in (2) has been used traditionally to emulate static PMD, where in the limit of M → ∞ the DGD of each segment D n ( f ) follows a Maxwellian distribution in frequency. However, for a finite M, the distribution is truncated and the truncation occurs at the sum of the absolute DGD values τ m,n for m = 1,... ,M [6] . The fiber modeled by T(k, f ) can be viewed as a concatenation of NM B m,n ( f ) sections, thus the mean DGD of the fiber can be computed by the well-know expression τ = 8NM/3πτ p [7] .
We model the hinges H n (k) connecting the segments D n ( f ) as randomly time-varying polarization rotators that scatter the SOP isotropically on the Poincaré sphere. The temporal drift of the hinges H n (k) is emulated as a sequence of random Jones matrices [8] H n (k) = J(
where J(α α α) = exp(−iα α α · σ σ σ ) is a matrix function and σ σ σ is a tensor of the three Pauli spin matrices [1] . The components of
• α α α n (k) are random and drawn independently from a zero-mean Gaussian distribution at each time instance k:
, where T is the sampling period and Δp is the polarization linewidth [8] , quantifying the speed of the SOP drift. Each hinge H n (k) at the initial time k = 0 is a "uniform random matrix" such that it transforms an input vector to any output vector by a uniform probability, i.e., uniformly covering the Poincaré sphere. Such a matrix can be obtained by J(α α α(0)), where α α α(0) = θ a is formed from the unit vector (cos θ , a 1 sin θ , a 2 sin θ , a 3 sin θ ) T = g/ g and g ∼ N(0, I 4 ). The same holds for the static polarization rotators, i.e., K m,n = J(α α α(0)), which independently and uniformly scatter the SOP on the Poincaré sphere. The ACF of the channel matrix T(k, f ) separated by a time and frequency difference of lT and Δ f , respectively, in response to a constant input u can be expressed as nm in steps of 0.1 nm for 36 days at every ∼ 2.2 h. The fiber enters 12 hub stations, where a few tens of meters of fiber that were mechanically fixed are exposed to fluctuating air temperature, causing the temporal drift. The details of the measurement setup and postprocessing are published elsewhere [9] . The analytical ACF (5) can be fitted to measurements by setting τ = 2.95 ps, T = 2.2 h (both computed from the measurement data), Δp = 80 nHz, and l = 0,... ,387. The temporal drift of the fiber is caused to a large extent by the temperature fluctuations, which appear in the measurements as a slow drift on hourly and even daily cycles, thus explaining the very slow polarization drift.
In Fig. 3 , we compare an example of the DGD obtained from the proposed model with experimental data [9] . We used the same parameters as above, i.e., τ = 2.95 ps, Δp = 80 nHz, and T = 2.2 h, whereas the number of hinges was N = 12 (same as the number of hubs), M = 1000, and k = 1,...,388. Comparing the two figures, we can notice a similar behavior, except some sudden changes occuring in the measured data around days 10, 18, 20, 30, and 35. The implications of the hinge model [2] suggesting that not all spectral components are equally vulnerable to PMDinduced outages can also be noticed in Fig. 3 , in both simulations and measurements. Most of the spectral components experience a low DGD for long time periods, resulting in a low outage probability, and few spectral components experience high DGD, making them more vulnerable to outages. During the measurement campaign, two fibers were measured and the DGD plot of the other fiber is published in [9] , which also shows a similar behavior to the one shown here.
